Aim: Cereal-legume cropping system has been proved to be one of the best alternatives for a productive as well as profitable farming in West Bengal. Maize is an important cereal crop which is widely grown during rainy (kharif) season throughout the State. While garden pea, a short duration winter (rabi) season vegetable, can easily fit in any existing cereal-legume cropping system. The present nutrient management strategies solely relay on NPK based chemical fertilizer application which results in the gradual deterioration in soil physical and chemical properties and stagnant crop yield. To maximize production level by spraying extracts of natural products that contain stimulants, is a strategic move to overcome the ill effects of the use of excessive doses of inorganic fertilizer. Methodology: The present field experiment was conducted in Nadia district, West Bengal during rainy and winter season of 2016-17 and 2017-18 to assess the impact of seaweed extracts on crop growth and productivity under maize-garden pea cropping sequence. There were four concentrations of Kappaphycus seaweed sap (K-sap) (5.0 and 10%); two concentrations of GA3 free K-sap (5.0 and 10%); two concentrations of Gracillaria seaweed sap (G-sap) (5.0 and 10%) and a control [Recommended dose (RD) of NPK only]. Results: Experimental results revealed that the foliar application of K-sap (10%) along with RD of NPK resulted in an impressive performance of both the crops in terms of growth (plant height, Garai et al.; CJAST, 36(2): 1-11, 2019; Article no.CJAST.49635 2 biomass, crop growth rate), yield attributes and yield, which was closely, followed G sap (10%). Throughout the growth period of garden pea, plants received recommended dose of fertilizer supplemented with K-sap at 10% concentration recorded significantly highest biomass production (56.94, 170.02 and 309.37 g m -2 respectively). Conclusion: This may be concluded that the foliar application of 10% K-sap along with RD of NPK can be recommended for maize-garden pea cropping sequence.
INTRODUCTION
Global food demand in 2050 is projected to increase by at least 60 percent above 2006 levels, driven by population and income growth, as well as rapid urbanization. With the world gearing up to feed an estimated 9.6 billion hungry mouths by 2050, world's impending food crisis is becoming a major concern [1] . An approach for a cereal-legume cropping system proves one of the best options for a productive and sustained cropping system. Maize is an important cereal crop which is widely cultivated throughout the world and has the highest production amongst all the cereals [1] . In India, maize is grown predominantly in the rainy season with 85 percent of the total area under cultivation. Pulses are an important commodity group of crops that provide high-quality protein complementing cereal proteins for a predominantly substantial vegetarian population of the country. In comparison to other vegetables, pulses are rich in protein which is less expensive than animal protein. Pea is the third most important pulse crop at global level, after bean and chickpea and third most popular winter pulse of India after chickpea and lentil [2] . Being a short duration crop, it can easily fit in any cereallegume cropping system.
Owing to having a wide yield gaps of these two promising crops attributed to imbalanced fertilization as well as improper selection of nutrient sources, farmers are unable to harvest more causing their poor economical sustainability. Besides, excessive fertilization to get higher yield is not at all environmentally safe. Therefore, the efforts to maximize the absorption of nutrients by spraying extracts of natural products that contain stimulants, is a strategic move to overcome the ill effects of the use of excessive doses of inorganic fertilizer. In recent years, the extracts from naturally growing marine alga as a liquid fertilizer has been allowed for substitution in place of conventional synthetic fertilizer [3, 4] . As these seaweed extracts contain macro and micro-nutrients as well as plant growth-promoting substances [5] , thus seaweed extracts not only augment the yield but also the quality of crops. Seaweed extracts help in enhancing antioxidant properties and improving nutrient uptake from soil [6] .
Both Kappaphycus alvarezii and Gracilaria edulis are tropical seaweeds that can be cultivated in seawater, under near-shore and off-shore conditions. Their sap is a green product with a low carbon footprint; cultivation in the sea does not require inputs from fossil fuels (fertilizers and pesticides). Large-scale commercial cultivation technologies have been developed for the two seaweeds, Kappaphycu salvarezii and Gracilaria edulis [7] . It is already established that foliar application of sap (liquid seaweed extract) of K. alvarezii and G. edulis has a significant positive impact on productivity and quality of many crops [8;9] . Given the facts, the present field experiment was conducted to assess the impact of foliar application of different seaweed extracts on growth and productivity of maize and garden pea cropping sequence.
MATERIALS AND METHODS

Experimental
Site,
Design and Treatment
This study was carried out at the research farm (situated at 22°57′ N latitude and 88°30′ E longitude at an altitude of 8 m above mean sea level) of Bidhan Chandra Krishi Viswavidyalaya, in West Bengal, India, during consecutive rainy and winter seasons (locally known as kharif and rabi season respectively) during 2016-17 and 2017-18. The experimental field had good irrigation facility as well as drainage. The soil type was typically Gangetic alluvium, falling under the New Alluvial Zone of India, with sandy clay loam in texture having good water holding capacity and with a moderate to high soil fertility status. The sand, silt and clay percentages of the soil were 54. 
Extraction of Sap from Seaweed
Kappaphycus sp. and Gracilaria sp. ware cultivated in coastal area Tamil Nadu, India. The seaweeds are collected manually and washed with fresh water. After washing, the sap from Kappaphycus sp. and Gracilaria sp. were extracted mechanically by milling under ambient conditions. The resultant slurry obtained by a milling process was filtrated by centrifugation in order to obtain the seaweed sap (100% concentration) following which it was preserved as described by Pramanick et al. [3] and Eswaran et al. [7] . The obtained sap further diluted as per the treatment requirements. GA 3 -free K-sap was prepared by methods as described by Prasad et al. [12] . The composition of sap (Table 1) used for the present study was from the same lot as that previously described by Layek et al. [13] .
Field Management, Plant Measurements and Analysis
Crop growth rate, defined as the increase in dry weight of plant material per unit area of land per unit change of time [14] , was calculated with the following formula: The harvest index was calculated by using the formula given by Donald [15] .
Harvest index (%) = Economic yield Biological yield × 100
To calculate system productivity of maizegarden pea cropping system, the yield of garden pea was converted into maize equivalent yield (t ha
) using the following equation as suggested by Parihar et al. [16] .
Maize equivalent yield (t ha^(-1) ) = (Garden pea yield (t ha^(-1) ) × Market price of garden pea (US$ t^(-1)) / Minimum support price of maize (US$ t^(-1))
Statistical Analysis
The variance over the years was estimated for homogeneity of data by Bartlett's chi-square test. The effect of the years was non-significant and there were no significant interactions between treatments and years. Therefore, the data were pooled over the years and subjected to ANOVA by using the STAR Software version 2.0.1 [17] . Excel Software was used to draw graphs and figures.
RESULTS AND DISCUSSION
Growth of Crops in Cropping Sequence
The plant height of rainy season maize increased gradually with the growth stages ( respectively). In our study, plant height and dry matter accumulation were gradually increased with increasing application of seaweed extract. This is probably due to presence of growth promoting attributes in seaweed saps like carbohydrates [18] , phenyl acetic acids [19] , macro-and micro-elements [20; 21] , and plant growth regulators like cytokinin [22] and gibberellins [23;24] .
At 20 DAS, plant height of garden pea changed significantly (p≤0.05) with the changes in nutrient management options (Table 3 ). The most superior performance was exhibited from the plant treated with K-sap at 10% concentration with RD NPK , depicted a value of 28.07 cm which was analogous to that of the plants received K sap without GA 3 at 10% concentration along with RD NPK (27.85 cm). On the other hand, the most inferior performance was exhibited from the plants received only RD NPK (45.03 cm). At later growth stages, the maximum plant height also recorded from the supplementary application of 10 % concentration of K-sap along with RD NPK . The biomass production of garden pea at different growth stages varied significantly with the foliar application of varied seaweed treatments (Table 2) . Throughout the growth period of garden pea, plants received recommended dose of fertilizer supplemented with K-sap at 10% concentration recorded significantly highest biomass production (56.94, 170.02 and 309.37 g m -2 respectively). Alternatively, biomass production from the control plots was discovered to be distinctively poor for entire growth period (Table 3) . This result has a close agreement with the findings of [25] , who opined that increasing concentration of Kappaphycus-sap along with RDF resulted in maximum plant height and dry matter accumulation. During experiment, treatment plot received Gracillaria Sap 10% + RD NPK , was seen to perform an edge for leaf area index (LAI) of maize at 30 DAS over all the other treatments, statistically resembling treatments were K-sap at 10 % with RD NPK (2.00), G-sap at 5% with RD NPK (1.95), and K-sap 5% with RD NPK (1.91) respectively. But at later growth stages (60 DAS and 90 DAS), the treatments received RD NPK supplemented with K-sap 5 % and 10 % were statistically superior to control with LAI 3.65 and 4.99 respectively (Table 4) .Gradual increment in plant height; dry matter accumulation and LAI with the application of increasing seaweed extract also reported by Pramanik et al. [25] .
The crop growth rate (CGR) of maize at different growth stages changed significantly with the changes in nutritional management practices during investigation ( respectively) which did not show any considerable difference with the application of GA 3 free K-sap at 5% level of concentration with RD NPK during entire growth duration. The seaweed saps contain GB/chlorine in substantial amounts [26] which are known to play a profound role in enhancing photosynthetic activity by maintaining higher levels of photosynthetic pigment [27] which results in a higher crop growth rate.
A distinguishable variation was recorded in the number of flowers branch −1 of garden pea in maize -garden pea sequence during entire growth period in response to miscellaneous nutritional treatments (Table 5 ). Here also the treatment received K-sap at 10% concentration with RDF represented as superior by flowering in maximum number branch −1 (3.17) over the other treatments at 20 DAS which was closely followed by the treatment sprayed with GA 3 free K-sap at 10% concentration along with RD NPK (2.93). On the other hand, the lowest number of flowers branch −1 were recorded in control plot (2.27) was closely followed by the performance of garden pea sprayed with 5% concentration of G-sap along with RD NPK (2.30). The same trend was observed in subsequent growth stages. Table 5 ) than all the other treatments. Similar finding was reported by [5] where the maximum crop growth rate was recorded with the application of Kappaphycus sap 15% along with RD NPK . It probably due to enhancement of net photosynthetic rate and other gas exchange parameters by application of Kappaphycus-based sap formulations [26] .
Data presented in
Yield of Crops in Cropping Sequence
The yield attributes of maize like number of cobs plant -1 , cob girth, numbers of kernel row -1 and grain weight cob ) and harvest index (46.54) recorded from the plots received foliar application of Kappaphycus extract at the rate of 10% along with RD NPK (Table 6 ). But the number of the test weight of maize remained unchanged with application of different seaweed treatments (Table 6 ). The experimental results were in accordance with an earlier report by Layek et al. [13] where yield attributes and yield of maize were gradually increase with increasing the concentration of Kappaphycus sap. The number of kernels per row in the cob is an attribute that is determined in the early stages of the development in maize plants and the seaweed sap sprays may have favourably influenced it and eventually led to higher grain and stover yield over control (water spray).
Amongst the different yield attributing traits of garden pea, number of branches plant -1 , number of pods branch -1 , number of seeds pod -1 and 1000 seeds weight were found maximum from the plot received 10 % K-sap along with RD NPK (Table 7) . Whereas the maximum stover yield (3.49 t ha-1) was observed from the plots in receiving G-sap at 10% concentration with RDNPK. In harmony to the present experiment, [5] also confirmed that application of K-sap at higher concentration helped to increase the yield and yield components pulse crop significantly. The beneficial effect of seaweed on growth and productivity on different crops has already been reported from different parts of the world such as wheat, tomato, greengram etc. [28;29;30;8] . Sea weed based products have capacity to enhance the activity of free radical trapping enzymes and antioxidant that protect the crop from cell wall damage by biotic and abiotic stress under uncontrolled field conditions [31] . Besides these, better nutrient mobilization, effective partitioning and translocation of photosynthates to the reproductive plant parts, enhancement of root length and volume, increase photosynthetic efficiency also reported by using seaweed based products [32] .
System Productivity
The system productivity of the maize -garden pea sequence was substantially high (11.10 t ha-1) from the application of higher concentration of Kappaphycus sap along with RDNPK, which was closely followed by supplementary spraying of Gsap at 10% concentration with RDNPK, recorded 10.34 t ha-1. However, the lowest was observed from control plot (8.86 t ha-1) and was closely followed the performance of both 5% concentration of GA3 free Kappaphycus sap and Gracillaria Sap 5% along with RDNPK respectively (Fig. 1) . The same trend was reported previously by Pramanick et al. [33] where utmost concentration of Kappaphycus sap along with 75% RDNPK resulted highest system productivity (30.25 t ha-1 year-1) in a cereallegume cropping system. Being a wealthy source of versatile plant macro and micronutrients, phytohormones; amino acids; vitamins; stimulatory and antibiotic substances the liquid seaweed extract has a capacity to enhances overall plant growth, flowering, partitioning of photosynthates from vegetative parts to the developing grain, reduces chlorophyll degradation, disease occurrence etc. ultimately causing sound general plant growth and vigour, reflecting higher yield and superior quality of agricultural products.
CONCLUSION
Application of eco-friendly seaweed sap derived from marine algae, Kappaphycus and Gracilaria is capable enough to augment the growth and yield of the crop over conventional farmers' practice, thereby, it increased the system productivity and profitability. From this present study, foliar application of 10% Kappaphycus -sap along with RD of NPK can be recommended for rainy maize-garden pea cropping sequence as an eco-friendly sustainable nutrient management options for small and marginal farmers of the new alluvial zone of West Bengal. 
